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Further Studies of Thunderstorm Conditions Affecting Flight Operations: 
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English 32 tables, graphs 
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Thegtjst and draft data taken by the Thunderstorm Project in floaada and Ohio storms are.analyzed 
and indicate the following;  The levei of the least turbulence between 4,0Öö and 26,ööQ ft altitude in ä     " 
thunderstormis at or near 4,000 ft /which is ususaliy near the base of the cloud,  The average thuder» 
störai in Qhio contains greater turbulence., in the levels flown by the project, thanihe average thuxiäsr- 
storm in Florida--,. The altitude displacements caused by thunderstc? rn drafts increase with height at 
leapt to ä level 25,000 ft above the storm base* It is not likely that a thunderstorm draft wili force a 
modernmilitary or; commerclai airplane,, if properly flown, dangerously close to level ground; Böwe^fr, 
the down«draft:i even at low levelsjnmay be dangerous for a light airplane with its low rate of climb and 
sl^'-spöeäv /  -   - ; -.----" ". '._: _ :_ \-:_.   "   "-   ~ ~-     •-..'-"•'•-. 

•«Sppies of this Teport obtainable from gA|)G 
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ist-ics (Ö#45): . - 

\ Air ODC^S . - ,y ~-;AA 
•.      U-..Z. v 

,;u. 
,   *• 

i . r 

H 
«'£63 

'^°gfgMa^!'ajgaaggw«»aaBa 



"eSMÄBBWaMSMä^ 

f 
JfcPB   WEATHER   SERViCE 

TE©H:NI GAL   REPORT    I ."»5- 39 

%WOT©fsjf  &FFI&Tm$: ;FLJ T   §M a- 

JJ2^>3^——- 
flft).^--.'""-. 

*I-ÄB&H*-   i:S*£9: 

II 
HiEAD-Q^AfFf ERS      J" 

, AI;R WEA| HER: SEsmoM 



•HEADQUARTERS;— 
AIR T/SATHER SERVICE  ' 

Andrews Air Force Base 
Washington 25:, :B:. 'S. 

15 March 1%9 

Air Weathär Service Technical Report iÖ5~39:,  
BFürth8,r Studr?    - 

-ies -öf -THüadefätcrm GöndS-tioni ÄTfestirig Might Operations.:    Tur- 
bulence-,.'' is-published for the irifornistion-Vand fuidahce öf all 
concerned. ~-T-his-report, is the" result of studies by Jär. Jtoscj^Jk.—- 
;Brahami__JrJ,,.,. öf the Weather Bureäu-Äif Force-.Nk\^ÄMeA"T:hunder:ätörrä; 
^ojectj,; and Caoti  Fred '^Vfogij tt.S.A.F.,  the- Air Weather Service 
Liaison Off i<*^vo~F£^~r>-~*-^j.    "**-'-•       ' "" ._— -^_jee:t,     It may be. considered as ah ex- 
tension of previous studies.,  "A Report on: Thünderatörm- .Conditions 
Affecting Flight-'Opgrationsy'' published', as Ih  S.. Weather Bureau 
Technical-Bäpsr No.,  7, April-1%8^   '_'.'. . -~ 

-•    It. ia r,ele.ase:dr wi;ffr"t"Be; 4bnö.ü^bJnc^'':öf\±MV5irftQtö"r:i T-huhde?- 
storm. ;Pf:pj.eet,r:Kq:..f "Ü;. $"r Air Force» and Hq;rj. Aif Materiel. Göm&&üd.. 

_;.    Bl^OpAND ;GF
=
%I^DIER GENERiE MTES: 

' t 

•GEF-IGlÄLs 

:
 A», TV SHTäGRSN-" "" - -^ 

|% :G.ö1,.C, ;üSä# - - •:".--. 
Acting Chief-: of ^Staff 

:.; :ife^oivi;Ds^'... 
--"-. Adjutant. General 

Copied 'may be --requisitioned from MAMA. 
BlSTRIBuTiONs     . •"-'•-. 
-.". Air STeathar^Service: =    '--."•" 

- .Each Hq.  (2 copies) - ?- 
-'•"•    .'Each A i. B^ -G Station (loopy); 

Hq.„ MS  (10 Cypiea}*     -'   "   : 

" .    _ Each^Liaison and -Sbsctf' leather Öfflcöf (l eobv-V 
Ha-.-.. ÜSAF. -A.TTM- "",ffi?uB.«:-A- /«•»««U) ^ 
Hq,,  Each Majorj&pnmand' .(,10 cppiea) 

Ji a 



^r. 

I 

FURTHER STUDIES OF -THUNSEEST0B4 CONDITIONS 
AFFECTING FLIGHT Q«EättTIONS>    TUEBÜtSKCE 

In routine„f light operations -it  is nr^t always possible to avoid 

thuMerlstoriB. flying.    Alt-hough the trend is toward higher cruising   . 

levels,- it  is still impossible to top most thunderstorms and regardless 

"f cruising altitude,  it is necessary in talre-offs and app:boaGhes to 

guide the aircraft through the* low altitudes.     '."'"- 

Although by flying above; Xf>.yOQQ. feet the pilot can top the iov  " 

cumulus and surrounding low cfloüds and" see clear areas between the- giant 

cohvective centers,   it is- often difficult for him to anticipate, a .course. 

between thunderstorms without a sensing device such as. radar.    This 

points Uut the fact that thunderstorms will always be of major concern 

f 
1 

to the P'lTot and operations -personnel, andit is- thei^eEe^neceSBary-that 

^they-$e aware of conditions likely to be encountered in flying- though - 

thunderstorms.r   In; addition to the Usual—di-ffidulties--of cloud flying:,- 

;"thuxöLer8:tor>äa present hazards .due/tölightn^ig,.. turbulene.a _and. ha-il..- - -_- -^ 

Flight records show that turbulence is the -most pred.6mi.nant hazard in 

thunderstorms and may b© the- principal cause of-.thunderstorm accidents. 

Its effects s.omet-imes lead to- lasiis öf"control ör structural'^faräägjäi tp- 

the airplane;    The studies reported herein are concerned with turbulence, 

including an analysis- of the distribution of guet-s- and drafts -in thunder- 

s+orms^.änd thsJ.r_-.rslation; to. other wejather^eiements'. 
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t     '•      f 
Gustiasss~pf- the surface-winds gj8i:" turBiiIe.Es© IB. the layer nest tc 

the ground havä been studied far assay years» The treatment has had to be 

statistical in natore because of the random -cheracter asd high frequency 

of the turbulent eddies which make up the gusiiness".-.  The individual  

eddies or "turbulence elements0 are small in size, are"Identifiable for 

oi&y-:a-shorttime and -behaversomewhat indepesdently of surrounding element* 

The guste inside a thundercloud are of a similar nature and therefore are 

-best treated statistically r-ather than i-nd-ividyalijo- 

Sustained updrafta and döwndräftf-, on the other hand, are large 

enough and last IpEig enough to mate _±t. important to "treat each draft as a 

unit, and to study the "nature and life cycle of individual drafts, as welJL 

as their effecton an airplane" fiyingf^throügh theia. 

1    B 
1 

Source of Data 

The ThundAEatann Reject* gondsjotad its j&^röäg&tjgKü>4mm&Mß « V—.-^» yv4 M» 

spring and, summer of !94b in the vicinity M- Örlanäö, F-loHää a^ during 

the spring and; sumiuer of 1947" in 'föe^vicihity eT Wilmington,' Ohio*    The 

data used in the study presented 'hers were obtained primarily fromj P-6|p 

airplanes if lying, at 6,.0Q0r,. 11,000,. 1^0DQ*./21,^--^^,]ÖÄ-£aBt^lBir .-- 

through Florida thunderstorms _änd_atj,ÖOQ.,lÖ..fDQO.fil5iQ(Xt.y 2O,:000~sndT: 

'25,000. -f ee-t'-ISL- through Ohio thunderstorms..    These altitudes -are- 

«The Thunderstorm Project is a research group of the Hv S.«-.:Mx:    -~~ 
Fcrce , U* £. Navy, National fidvisöry Gömmittee for Aeronautics., Ü... -3... -   - 
Weather Bureau ahd-several other contracting agencies under-the direction - 
cf Dr. Horace :R. Byers.    The purpose of the Project is to study j;hs ~ 
structure and dynamics of the_föanderstc^m. and for this-purpose-extensive   -~ 
-measurements were made in thunderstorms during 1946 and 1947.    äirplaüjes;, -~ 
.radar:,"surface network stations^ and; •balloon-borne instruments were used 
in gathering the data.   Details of instrumentation and technique? of tak^ 
ing observations can be found in earlier reports of the Project«    (Ref. 12, 
13, U and 15). 
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I1*"   • ; 
Si.    -f «ppraKlisateiy the height Above the ^ouM la Fl*xe:!da bat in Ohio "$?.»• 

grosiad £g.$bötit l9000.~ fegt above sea level. In all» a total of 1363 

penetrations were made through stamps of Florida and Ohio««   Stores war® 

«elected for investigation,on the. .basis of theIr_r.adar -ejeJbke_.äpd. visual  

äppsÄTahee aaä ho att^mp^TwTMs Bade to avoid three that löölsec! too severe« 

The storm '-intensity... as reported by the fcojsei pilots.^ rangeti ffdl 

light to vsry severe sad should destitute a fair sample of typical 

Floridaand Ohio thtiMers.togjB»;,*   No tornado fG^äels were observed under 

any of th^olouds florm,, ..althoughonIfay 13, 1947 a öäansl fToa an ad- 

jacent cloud was observed shortly after the aiseioa hsd been completed. 

Gusts and drafts eneotanteröd were .computed, from records :ob^ined from . 

«quipeht installed, by WG0 and from photographs of a, special, panel of 

„flight inströEsöfcs»   Correlat-ed with these daia.are^repoä^: of the. pre 

pitation and. turbulence intensities as recorded by the flight crewsT* 

.fhnnde^stug]nrT^rbulenaeJ 

"E .. 

The thüiäörs.törmf üeMT'&\ ehäräctsrized .by; 'a~reglön^öf' Sö^lBät•- ~ 

erotic ffiotions which result ^rBL.^i^.^-M^^S^^-^A^\^ßBS!&_ ._."~ 

(üpdraft); throughout the early7 stage! of devoiopment^aäi downward 

(downdraft) tlirottghput the later 'stages, pi^ticularly where rain develops« 

If this velccity field is intersected by a ec   nntional-type airplane» 

two characteristic res posses are ojbger^ecu   First,,, the airplane may be 

^displaced in altitude because of the mean upward or downward motions 

and secondly, the airplane may be .subjected to & series of sharp 

¥ 

- -a 

     «3!h©, fact that,,gust. velocities jasas.ured!;:wer.e.j»n^4älerjablyl^~-f9TO^B-,^ .- 
those expected on Öse' basis of previous studies by the National Advisory 
Somadttee für Äeroaauties also iKuieates that the sample obtained probably 
is not. biased by weak storms *    (Ref * 10), 

Lonal Advisory Gocimittee for aeronautics. 
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•accelerations without a systematic change la altitude,   fhes* accelera- 

tions ^ Caused ^ .steipt changes, in velocity of the drafts «ää % üa£t 

vortices ^whirling Basses of air.   All sash discontinuities la the 

«ioeity flfjd afeeicslirad^gasts..-:-Itay-aMto-l««Br-gi»«rffie"-tn«ÖSItö 

represeat abrupt changes in draft speed, tat the vast m£grity cfthea. are 

%a^m&±im m smll vortices.   Such;Ä-" are «B^ibiiw fa» 

draft bat may be ia areas »hep© no drafts a?© seasured.«   It is thought 

that drafts provide Äppiäary. driving Btwhanläa of t£e —?tgese    Sa 

this connection, the .larger gusts, are invariably associated with strong 

drafts...- - :.-  ;          :-        ^           

The aature: öf this type of atmospheric > ->ticess_haa been iavesti- 

gated by engineers of the Gist Loads Section of MGA Wo devised äsi 

carrM out the program of gast>asu?ezföäts foi the Tn^eÄ^Xojeot." 

Earlier atiäies by NäfiA <^^^^B^^^^^ß^^m^ 

llÄM^ay^eofflb^^ 
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^t.--t 

:aata for.«^.^Jto^^^..; ^^j^ts^^^^^ 

~^^m^mm&:^ the wtiMÄ .--SteüiiSw acceleration   -^ 
«a«eed ^ fegus * ^.med-;in thT^p^g^^^^"^ ^^^ 

the effective valoclfcyf of the guste. ~-  ; 

«Gusts are not confined to thuMerstorsäS älos®.   For instance, every 
pilot aid weatherman is familiar with tts?b«Ie»ce due to ort^aphie affects,, 
surface heating, etc.   The Royal Aircraft EstablishiBeit has. recently - 
reported tt^bulence outside Smalm clouds in the atmosphere between 20,000 aM 4.6,000 feet.    (Bef* 6) * 

frhe effective velocity is the • vertical cö^bneat of the actual_ 
veä-ccity-of a .goatv-that- would- hav3-produö~ed thei'-'hö^i^'aejeelsrection- •js'evädeä 
sash gust Satisfied the assumptions under which the sharp-^ged gust 
fgctaula was deiived.    (Hef. 9/« 

=ss 
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It is common practice aßong. aerana*Mn-i     --,        - 
*v. 4.4 ---.-,**, aBronaatioal engineers to us» the *r 

c-st velocity as a measure of the strp-f*    * «. 
A»**.-   -L     -      -      .---•• •e pwe^gth of the. .turbule&Be 

.__..*•    .«* .~ve .been expressed that +*<•• Btv„ I- 
wax, X-J2S eii-ective gust v^Tr*.-?.«—       . - 

with the ffuat *•*«•, „ ve^ocivjr ccsojaed 

ported by aircrew.    Through -^ no. as 

W-««,-*     ,,; piiot reP^ts of turbal-nra 
*ntensity with measured eff «*•-**-   -=    x     -     - - -   ^T* .,  .._ «a«i,e^. •ei-i.ectlve gust velrw•*+*«" " " i " 
aas been shown» that " fh« i    - °:" "Squenc"J-eS! "" «    —so ^ .tue -largest uu«* •?„ „ 

greats ti,     * * gUst «"q^ney is greater -chan 8 per ^ nnn faa*    >. . _ 
_      ^r ^sooo feet ^ traverse,  the Prolent =** — - - 

---  thp ~f-mi,.-i rsoject aircrews jreböt*ted tue turbulence as »heavy»     m*** *u ,        ~ *«--ea 
^'   ^-tlÄJ»Btoh under consideration Is «* 

panded to the lan»«. «*» oration is ex- 
Wc length of one complete pass through - --^    - - 

turbu-Jo««« ~""    ^  ^-^ ""««"^rstora,-heavy 
turbulence was reported f ör the traverse as a whole   „ " 
•n«4M 

a wh?le whenever the tsa?> 
. maximum effective *ust -»i-^«- :"~--^-~^**&^--/; 

5 

T 

--- f~ 

gusts. ;rttb ^ o_    ". -_ - = .  — "^ion «-^h-velccity 
_..   ;:.; areas x, '^fli^A^a^.^^^ ^-^^        .    _    , 

-•Plott^-the effective velocitv^H   "•,    ^ ":    ~" '   ~ ' "     ^    ^ 
ve velocity of the largest gust- per röm-f   *• * -*- 

against the number^E~*      --- & ^r 3,000-foot interval ol guoi,a Wltüin tha    ±nt 

It,. „„,.. -_.    ; — -s «*•«-».«*».« «ra„tem. 

the result 4.u**i. ^    J-JÜ0Q feer with 
^     *.-nlt that ,the turbulence would- be re.ort,d a^heaw ^ 
PTwid, experience.. ;; ^      '"  '     -^ h*^> ^» *? P*°ta   ~ 

J*öaPußllsfeed'manusc^iöfc."»-"-"LI "'"'"="      -—-  -   -_- _^ 
Thorns. ^^-^ of Capt. Fred Wo Pope aöd Miss alary E. 

1 
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•ehe-regression'"function of mean gust frequency on gust .velocity. 
Correction coefficient is 0^61,   Based upon, data from Florida and 
Ohio.; operations-. 

Altitude Distribution pfjJTurbulence 
t—   .  i—w—»«— mji     .1 «—•linn L.UUHWI.....M   LII  •!•••  

"The pilot and operation .personnel-ar-e_inter.es±ed. in the probability 

rX 

of encountering strong gusts«   The need. is. therefore apparent for information 

regarding the distance required to fly in thunderstorms to encounter a gust 

greater- than a given value.   Such information is contained in the_turbulence 

measurementsjinade by the Thunderstorm Project.    The number of gusts encountered^ 

on each of the 1363 traverses „through thunderstorms by Project airplanes was 

very large a^d. to. reduce tag labor of-evaluaMag the. records, it "was neces- 

sary "to break the traverses intoshort intervals and treat each interval as a 

Unit.    For each 3,000-foot interval of each traverse for storms flown in 

msSBsasBaBBastmessmBBmasB^sfBSSSSS^ 
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Florida asa each lO-se-^ond interval of each traverse "for storms f lowäT in 

Ohio, the maximum positive aixi negative effective gust velocities, aiS? the 

number of gusts eäeountered greater than a value of 2e0 fps -sere compute. 

The maximum effective gust velocities for each 3j000-foot or 10-seeorad 

interval of traverse, regardless of sign, was used iß determining the 

-Sistribation-of gusts wd?th--alt-itufla,.,_           

As would be expected, at all altitudes flosns the lös gust velocities 

occur more frequently than high gust velocities.   This is true regardless 

of the altitude although the nsean maximum gust velocity per 10 seconds ef 

traverse is-nearly-the .same,.at all altitudes.    (Tables 1 and 2}»#   However, 

—the altitude, variation in the:meaajffias3aum gust velocity per unlt^distance 

-is- not-of great-jgportanc~e"^ 

eitigs .£hajt,-4s^^^^^^^sj%o^!^^PJ^'^^soj^s^:^^^^^^^^W4ik^^^:^^: 

-the-airplane ^structure*."~ In'the" data taken by the Thunderstorm Project there 

~ is a ddätinc't .altitude variation $a- the distribution: of the higher-veleei-tv 

gusts..  F.igures 2 and .3 graphically indicate the number of miles of flight 

«It should"be pointed out that the data used.for these two tables 
are somewhat different due--to-the use of different techniques in deter- 
mining the in-cloud distances flown for the two seasons.»   For the Florida 
data there is no satisfactory method of separating the data measured in 
clear- air near the thunderstorm from the data within the cloud.    On the 
other hand, in the. Ohio data these are easily separated.   Table 1 for the 
Ohio data is based upon the data actually taken inside the visible cloud. 
Table 2 for the Florida data includes both ln-eloud data aad data takea     .__ 
near the thunderstorm.    As a means of obtaining an estimate of the amount 
of Florida data that was taken in. clear air, the visual cloud was compared 

"with the radar echo for six selected Ohio storms in y;hich there were 13^ 
"miles of fiight within*.:the visuai.=c-loud-.   The. amount, of .traverse inside the 
radar echo was .compared with -the amount outside the echo for sixteen— 
selected Florida storms with a total of 2819 miles «f flight data used; 
For the Ohio data,, it.was found that 35 per cent of the flight within tha 
visual, .cloud Is .beyond the limits of the radar echo.   Furthermore> approxi- 
mately 20 per cent of- the-flight distance wlthin7the radar echo-was not 

*  i 
•;-J 

11 



^^^^^^^-^.^i^^-^^^^^S^ISS^^"^«&ä^^rrB^^^^: äSWS""ääWSj§3ä**3i 

'8« 

in- tho2ö.92,sts?3se at the- serious -altitude's necessary to encounter as sf«= 

feet-ive gust- velocity greats? thaa a gives ralua.    (Tables 3 aM 4>9    It 

is important to notice that in both seasons9 data there is a ainiaua of 

the^higher TOlocity_g^te j&t. ths^iow«st ,le-?^ls flosm»   The-minimusa-       - 

frequency at the 25*000-foot level in Florida is less pronounced in the, 

'Gh£o: data. " —-. 

The most evident feature is comparing the gust data fer the two 

seasons Is- the fact that there were more high-velocity gusto per mile 

of flight in the CMo storms than la the Florida sterns.    It was neces- 

sary to fly 133 miles in Florida thunderstorm to encounter a rasslmuffi 

gusjtiof ~24~fj^äs^cpmpared^^ 'M'WJM "£nTSilo7_The most Aapcarfcant 

-ife'atWel^TJt^^ 

variations ia the gust velocities. It is possible that the-variations 

that occur above the bulge near 16:?000 feet is Florida and 10,000* feat 

in Ohio sre a result of the sample, althougha-distance of ove^12,000 

miles1 of thunderstorm flight for the wo seasons would" usually not be 

eöns&aerect ä small sample.- There is, however, other evidence that indi- 

cates that the minimum of turbulence found sear the eloiscl base is sig- 

nificant. 

within the visual cloud.   These conditions are brought about by the-fact 
that tk& radar echo on the main control radar represents a horizontal pro- 
jection of the entire radsr echo, whereas the water content high enough 
to give detectable radar signals is confined to the main portion of the 
cloud that may be tilted from the vertical by a shear in the wind field. 
(Had an airborne radar giving, a .horizontal cut through-the cloud for its. 
particular flight level been used, it is not conceivable that there would 
have bee« portions of the radar echo outside the visual cloud),    in the 
sixteen Florida storms, it was found that about 3° per cent of the total 
data were beyond the radar" echo,"   if one assumes that the storms of the 
two localities; are approximately;; äl'iM^in the, /manner -in which they appear- 
on the radar, it follows that jaost of the data taken, in Florida is actual- 
ly within the visual cloud and as a first approximation may bs compared 
with the Ohio data which are known to be within the visible cloud. 

A. I 
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—-'s*. l~»greauene-y. distribution off maximum offeetive gast- veice-x 
per Ip-sccoM interyal/c£"trav®~rae äi various"altitudes» 
Based upon. l?-62£ flight« through Ohio thunders terras, 1947. 

Maxjjsum effective | FligSit Altitide (ft«ssl) 
gust velocity 
\xve) 

1;-        -   - . -,. 

15,000   ]- 10*000   j 15,000   | 20,000    j   25,000 Total 

0» 4 736 1053         1219             812               622. _ _  ._444*<— 
4- 8 470 798           850            527              285 2930 
8.-12 2^1 474          527            345              200 1777 

12-1.6 88 234          226            168                92 .ÖD9._ 
 16-20 -252"- " 88            55          "' 63                38 306 

20-24 7 37            36              24               14 118 
24-28 5 5            12               6                12. 40 
28-32 0 5                6                 2                    2 15 
32-36 Q 2                2                  2                — 1— *7; 

36-/0 0 0                2                  1                    0 3 
40-44 Q  ö           1            0              0 1 

Total-Number 1559 -2695"    "2976          1949            2266 I09446 
-Ifita-1 JÜlej__Elpwn. _ _. 791.1- .1350.8-   1579-.5       117ßn6   _    776.6 _ 5672.2 _ 

•Bfean of maximum — —     

jgas'til'sip^.d^:':-- L^ -r-..._---7._--j -   ~    •-:---- ~.---.-T--..-.-  \-r ---.-.• -c-—.--—:- :-:-..-        -.-_:-.- r "- -._ - 

-abbve ^4;i|^__.--!--- - _.,:..-J»|~ ̂ tj.,^^J:.13^^7;^^.rr';J5^t_ r^^: :"f oi: • 

Table 2—Frepusnoy distribution of maximum effective gua-t velocity 
.mg-S^OOO^foot-inte^al of traverse at various, altitadgg- 
EäsedTupon PHaJßflightsrthrough Florida thunders torass, 1946» 

feximum effective 
gust velocity 
(fts) 

.Flight Altitude. .(fi_-«sl);, 
— 

6,000    j ii/ooo   | 16*000   j 21,000   |~ 26,000   | Total 

0-^4 586 937          1099- 98J. 774 4377 
4> 8 605 1017-         1050            840" 611 4323 
8^12 372 538            498            434 266 2088 

12-16              - 131    - 217            221-           165 114 848 
16-20 /;?. 86            104              55' 39 
20-24 26-       -    .39              24 7 110 
24-28 6 8               6               7 3 30 
28-32 0 2                6                5 3 16 

—   32=36 0 1                1               1 0 3 
36-40 0 0        -       1               0 0 1 
40»44 0 0               0               0 0 0 

Total Number -1756 2832          3025"         2492 1817 11,922 
Total Miles Flc^n 978^7 1557.3       l689o3       1401.1 1006.9 6633.3 
'Sfesan of' maximum - - -   —- -  —         .._-__   „.   ,_    , —.. ,—    _. ~  — 

 - --' "    ""• " =—=~ ;• 
gust velocity   
äböre 4 fps 8,9 8c9            9.1            8.S 8.6 8.9 

- > 
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fsvbls 3""^£ge of flight nseegeas,?. la thunderstorms- to. encoontes-a- 
-gftsst velocity greater than indicated.    Based upon P-63C 
-flights through C&io thunderstorms, 1947. 

Ütitude" 

^feü" 5*000 
10,000 
ifUSQCL 
2016ÖO 
2^000 

LisOiaUlM 
Miles of Plight 

z^äg^fpäTTSteO- ft» 

:Mss^ 

t 
- 3 

Is favor of this conclusion are the 

l^I-n-both season of flight, fe«er large vexoci^gusts^^ 

.^   Bile were fpuaL.at- the,.5,000-a^6-QGQ-foot 1SI levels,: —._.___. 

2. The absolute maximum gust Eeasured at the 5,000 asd 6,000-foot 

MSI levels is much.less,than the oaximum^a-t any other level, 

3. Pilot, reports:of turbulent encounteredOn each "wr^Tthrough' 

the thunders^ in both seasons of flying show ä mi^us of 

moderate and>avy._tjffhule^^ _.__ 

'JS*SJE3KSSa2Ri«SiSE'»«A:i ^jSm^^m^Tf^^^m^Jmrnr^i^ ? 
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4«    At the surf ice, turb/"«ecae mast reduce to 2?<ro: ihereferey 

at scss level between 5/ÖÖ0 feet and the ground there must 

be a distinct decrease in gust velocities»   The shape of the 

curves on Figures 1 and 2 for "Sie levels below 5,000 and 

6.000 feet SSL are not known due to a lack of data for these 

levels-»   However, it is known that -the Ohio data were taksn, 

for the most part, 2,000 feet nearer the ground than were 

the Florida data and the frequency of high velocity gusts at 

the lowest flight level in Ohio is considerably less than the 

lowest level in Florida» 

1     ;i 

[ 

Turbulence above levels of Project Flight Operation 

" .      .  Another important problem is that of estimating the intensity of 

turbulence in thunderstorms above the levels flown by the ThuMsrst-ss'ffi 

Project airplanes*   By the use of a range-height-iM-icat-iag ^adas»^ measure* 

meats have been made on the rate of growth of thundercloud tops, some of 

whiöh have^beeh'observed to' extend' %bbve=S5j^5Ö feet» ~ TheseTmeäsure^ntS"~ 

show that the mean, rate of growth up to an altitude about 10.000 feet ba~ 

low top of' thejLndlviBuäi storm increases with altitude.   The rate of, 

growth ofthese, cloud „tops is also a measure of .uparaft velocities.. "It "is 

shown that there £s a. relationship between, the gust .and draft velocities. 

(Fig. .4).   Therefore, because of the lack of other more conclusive data,, 

one might assume that the mean gust velocities increase with height in 

the thunderstorm cell, at least during the building stage, up to a level 

about 10,000 feet below the maximum height reached by the storm cell.. 

1 

m 
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Drafts: within the Cloud r- 

& draft is defined as a vertically-moving current or stre'am of air. 4a 

the atmosphere. Although minor drafts are found in many weather conditions, 

it is in the thunderstorm that drafts reaching a speed great enough tc cause 
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Fig. 4°—Relationship between draft velocity and velocity"of isagimuffi 
._ -  -gust^ithin the draft~ Öurve- represents the regression 

function of mean maximum gust velocity on draft velocity. 
Correlation coefficient is 0.42«.   Based upon Ohio data. 

major altitude displacements to airplanes are most commonly found.   The 

drafts are directed upward during tae early part of the storm, but as the 

storm grows older, downdrafts develop.    Both the updrafts and dowsdrafts 

are usually continuous through all the altitudes flown \y~ •?esent-"äs'°' 

airplanes.    Individual drafts will "last as long as 15 to 30 minutes, al- 

though during this time the speed will probably vary considerably«,    la 

general, the speed of the draft is greater than the speed_of the gusts. 

^»•»JSSSI 
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Under conditions of constant power,, an airplane is level flight 

attitude will expedience a change ia^ltitude^uppn.-:encountering^a- draft«,  

The amount of the altitude change, in a known time interval, can be used 

-   to estinsate-the-speed-of- the 'drafti~ Obviously, if the airplane is cllsb- 

lag or diving relative to the draft, the altitude change-will not iaruly  

rejS'esent the draft«    Air .speed*, however,, can be used in detecting cases 

of nose-up or nose-down attitude, thereby making it possible to determine 

-which altitude changes are due to drafts alone and which are due to com- 

binations of attitude and draft or attitude alone8 

It must be realized, however, that this problem of sorting out 

altitude changes due to drafts is a difficult one»   The Project pilots- 

were instructed to fly using a minlaum-of'eontrol^naTa ccätant,,throttle — 

setti^ in order to make "easier the evaluation of turbulence, data^jfhimr;->;-> 

control ;tf chnio.ue^ resul^/ dn^many i^tänces> «her:e-a pitchidef lection 

»caused W turbulence or draft gradient west uncprrected for several 

seconds» 

la addition to unintentional pitch «oflections.-» there-^©re tises- when - 

the pilot intentionally changed the attitude of the airplane, and' there 

wsr£'a few instances when power settings were changed»   Generally speaking, 

sueh positive control action, was- an attempt on. the part of the pilot-to 

alleviate the effects of a draft«    Any change in attitude would eause a. cUffib* 

ing or diving and could either increase or decrease the total altitude change« 

©ran though comparison of the air spesd: and altitude traces allows one to 

determine such instances ? it is difficult and, at times impossible to 

-estimate the -magn-itude-of- -such an- ef'f eetT" 2f the' data were restrift-ed~£e 

only those cases during which the air speed remained constant, it is 

1 

«SäsSKfs'.J«,-»ieräsf c >---.-„ t£i 
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doubtful if the final sample- wouH iheieda more than 10 per cent csf all 

 draf_ts_-encoimtered-,,- -It-is- -necessary-, "theref ore, to adopt the procedure 

of computing as drafts all altitude changes where the air speed remains 

quasi-constant and all those where the air speed changes in such a manner 

—as—bo cause the"draft tö^pear"weaker "than,„it actually, is»--   For-example* 

one would-accept as drafts altitude increases accompanied by air spssd 

increases and vice versa»   This procedure doss not affect the usefulness 

of the data in fitting together the structure of the storm «hen draft 

magnitudes are less important than a knowledge of their existence, 

(Refo 3), hut it must be considered when applying the;data_ to the problems" 

of ?lying thunders-tcrres «- —" "'-" __ _____ _-.-_r3.-_ :-ä^.-^__S7 ^r2 

JJsing.;y|^ 

;"_-drafts;-fröm VäiftöeaeäB of two seasons of thunderstorm flying, (Tablea f. 

and 6).-.   Subsequent -analysis of the j?:tructur:e-,of the, thussäe:_stoa?»I indicates 

that this., probably-repr.eseats less-thän. 70 ^per .cent of all drafts-4nexcess 

of 10 fps encountered by the airplanes.   

From Tables 5 and 6 one concludes that« 

-        lol^.TM.rmaxisum valuesTof updräfjfö::aMrdcwndraft8^'ere-measur®ä" 

ät the middle ahd~ upper levels for both yearse 

_.--_     2-r ___Jn, general, the:^ean uporaft value was_great;er than the mees  

downdraf t value at every level- 

3«   The mean updraft and downdraft values increased with height 

through the altitude- range investigated, 

 The -altitude displacement experienced by an airplane e__counter±._g a 

^draft depsads-upon üie-draft width and; speed"'ard the speed .of _ the _ air- ... 

plane .«•     Generally -speaking, the drafts snoouiste.ed by Project airplanes 

«Assuming the airplane is net climbing or diving. 

'"'Ä'Sr« .•t-'-euft 



Table 5~-".»«tu&l number of drafts measured at various 
duriag Ohio operations, 194?'. " 

Draft 

Yalue 

JISE^S- 
Flight Altitude 

(thousands of fest) 5 
48« 

J£BS)    I  gJ " 1 U  I 29-JJ£. 

Flight Altitude 
(thousands of feet) 

5  I 10 »15 - 1 gg f 23 

0- 9V9 2 M -  9 9. ,g 

9 45 21 AJ1 

20-29,9 1 24 25 17 16 
•an-'ao o 
•^ • • * • - 22 22 7 ^5 

40-49.9 -- "9   - 5 3 4. 
50-59.9 - C-) 3 4 3 
60«6&.9 - -" .. ..-.. -  X .. -_. 2 

53 - = =- = 
30-89.9 - -• - 
90-99.9 - : .">/-, "   m   " -- 

4.J 

A? 

16 
4 

20 
/ 
/ 

2 
i 

5 

o 5 
3 

i^^M^i -Ä-: ̂ ^^?30i^S^J3r 18— -19 17- 26~ 
m 

Table -6^-Ao-tua-l-ncabsr. .of. drafts, measured at various altitudes 
• -during 'Fl'orJjda^opsratiass-; 

TVyjaf'r. 

Yalu©^ 

UFDRAFT 

" *• xxgns. AJLti-cu^i"" 
- X-thousands^pf fa®t)r 

(fwva.6 in 16 

DOFiSDRAfT 
1   flight "kxtl^gf^ 
(thousands of £eet}= 

T 
21. 1 26     8.     6 - j- 11    116   |21    -|"jg" 

0- 9.9 3 5 11 9_ 6 4 6 4 7 4 
I0-X9.9 17 35 -37- 38 22 11 20 28 — 17 17 
20-29*9 11 32 26 30 27 5 10" 12" 7 10 
30-39.9 2 6 " ~?z-~ ~EF~ "14 

 r _       _ «a        _-— 

X --•*--- 

• 6 1 3 
40-49.9 ° u 9 4 -• - 2 1 3 
50-59.9 «.- '9 1 3 2 --«.- -• -• 1 
60-^69.9 V. «= *•» - 1 1* - M *» -- 
70-79.5 - - 1 1* 1 -- -, -.;- —_.= -_ -.« — .- - .OS" 

eo=aa.<>-  •»! — i _ - - . .- -. «. = 1* ea „ 

90-99.9- .     «... __ 3S»_  - -.1* -_._ w» «s •B -   - - a» 

J 
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^Subject to question 
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. ,  ,..,i..rxa it..* j:u9 «T+o.uds» rUsnlof.fimfint that an airplane is lively 

to experience increases with height,    For an airplane flying ISO iaph, the 

displacementis,_not likely tpe^eed 2,000 feet although in exceptionally 

severe storms such asthjase flown by the Fronet on August 22., 1946 and^ 

August" 5, 1947 upward; dTSptacemems;^rgr^at äs ?,0<XrfBet mar-occur*-- dis- 

placements of this magnitude v;ere rare (only 2 per cent of all the updrafts 

encountered caused .displacements, greater than 3,000 fsstL.    The maximum 

"dctömärd-displacement-was 14-09 f-eet=. 

- >: -";—-: '    :    Because1of"the"largB^humWr^öi^MMent^^""fillh."^ belW_5/ÖÖCi' feet"' 

\j aSTrinee every flight, regardless of cruising altitude, must pass through 

the r^g-io* from the surface to £,000 -feet in take-off and.landing, it is 

f dcwndraf t-s bslow tJis „imEörtaat^tp^know something-of-the-d 

.base--of the oloudÄta investigate the possibility that an airplane fly- 

a   

ing. at these levels may be forced into the ground by ä thunderstorm, dovm- 

_draft*_ n^ortunately, the information-for this region is very limited. 

The number of drafts-computed -by the Project for the 5,000-foot level was 

- small:, both because of "the decreased, frequency of .s^png: drafts-at-this 

level and. because the. pilots flying at this ievelhesitated to ailow their 

airplanes to be displaced a great distance, particularly by downdraf to .# 

The data available for" studying drafts below the base of the cloud consist 

;__ of the foil owing s - --—-..    ---.-.. 

1.    Two flights during which the 5,000-foct-plane, r/as carried 

through the base "of 'the "cloud" by the downdraft*       - — -~~ - 

*This should not be interpreted to mean that the. 5,000-foot gust 
data are also of "reduced value»    Gust computations do not depend upon a 
knowledge of draft values and" are not affected-by normal control movements,, 

*n&***a&-r' 



-11- 

.2- -.-OSe flight (7 August 1947).-oa which a plane probed the 

downd-raft and rain-area- under a thunderstorm.    On this 

flight, traverses were räde at altitudes ranging from 

1.000 to 4..00Ö feet above the ground. 

'37~~HtOS3"f §d.s of eases of ~sürfäee fainf alT~äBa~the as'söciätea"    ;    ~7"~ 

divergence which signify the existence and location of the 

downdrafi»  . 

Slight 19, 7 -August 1V47, was under what appears to:'be an. average 

thTu^flerstörffl over the-Ohio surface^network»,...yae.Ta^&^Äe"igh.^i^lcäti"§g____ 

radar, showed tope of ^understorms in the/vdcinjity. .wereReaching- ^OiXF 

feetf the storm flown reached a maximum height of 33,OGO feet at 1^9^. 

Figures 5 ..and .6 show the radar outline of the cloud, the plane path and 

measured downdraft, and the surface rain patters.    Also shown is a trace 

of_a-ir speed; and altitude records from which the draft values were 

computed.    These data indicatethat measurable drafts were_=encountered. as  

low as 520 feet above the terrain*   Figure 7 shows the time relationship 

between the measured drafts and the mean 5-minute rainfall. rate_änd. __ 

horizontal divergence at the surface.    The first two traverses were made 

at a time when the rainfall and surface divergence show that the dosmciraf t 

was increasing, in size or speed or both.    The last two traverses, at higher 

altitudes were made at a time of decreasing rainfall and surface divergence 

and consequently after^ the downdraft had begun to diminish* 

The significance of this single example depend» somewhat on the 

manner in which it ties in with other more reliable data.    For.Instanoa, 

it is easily seen, that a downdraft appr-öäshing the ground must bo aecCiEps** 

nieu by divergent surface winds*    It Is known that significant thunderstorm 

r—I 

i- \ 
-   t 

H 

•B 
E 

X" I 

T* ,•-*'. V-" -=--'* ~~ '    I 
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f.; rainfall is always associatedwith surface divergence ("ig. S). -3-iisee 

all dowRirafts aeasured at 5,000 feet ever the surface network ware otre 

a region of surf see rainfall, one may cöncTüäe that significant thunder 

storm downdrafts below the c.lqud Jbase- arenas sec iäted. .with .rain reaching. 

the gifffaeo. These data indicate that high rates of rainfall are asso- 

ciated"Wit"K hi^Trätes of surf ace divergeiwe and therefore with high 

downdraft speeds» 

On.Slight -19-, 7 August 1947-, a doraärafi of approximately 13 fps I    I 
Was^me^med"S>h"two tEavÄesss^less than 1,500 feet above the ground»r-At-~ 

""wie ~s^s~% j.5® theif Wf&cBrain? äli^ateraged" äp^^iMfely 0ol inchpe per 

5:miaütesand reached 10,3 inches, per 5~minut£s as a point maximum«.   The•---- 

aeeompanyisg divergence in the rain area averaged about 5 hr"""* and reached 

10' hr - as a/fioint" ffläxiffiÜBie    özse would speculate that in thunderstorm 

eoMitiohs ä repetition of these laities would liJsewise. be associated with 

a significant dewnaraf^ in the levels bstween^the cloud,and the grouad, 

--;="- ~~"The frequency of ojeclärs^jiee^ -ofithese-saüe: eosaaitiesss may be de%r-^- 

MfiM -£^&~^he;-sWfäee het^ork^reccSis:»" It wss fouäi that r-ainf«ll rates 

of 0,3 ifiehesTper 5 minutes^^we^ "reached c^ exeeeasu in 20 InrfT of 54 

Florida storms azsd in 10 out of 40 Ohio storms available for this study e 

2a.those storms where rain of this intensity was measured, it occurred 

20 par cent of all the time that Eaas'jrable rais was occurring«    Point 

divergence of 10 hr**^ was exceeded in 13 of 19 storms for Florida and 

Ohio for which diyergehee computation® were made.   Areas of strong 

divergence are always associated with areas of heavy ©ßäfses rain. 

As the dcwadi'aflk approaches, the, ground it. .begins, to.spread-outr as- 

a. Jet of water directed toward a flat plats -forming a layer of relatively 

-'=9 
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CöM six- over" tc^ surface,   fhs depth of thä^. layer_d^t©rmiaes to a Xerg 

extentg the possibility t-hat an airplane can be forced dax^eröus-ly close- 

to the ground»   £~£ng balloons released around the :sjjb^%..By^g~aBa;.Hall-. 

(S@ff. 4)5 found'the top of this layer to'average 2,500 fest and to vary 

fros 1,000 to 5S000 feet above the terrain in seven cases ecsspttted»» 

Froja consiöer.atiofiB of r^&Js^^&peS^esays^^SjoßseaBß, resultisg. fsoB.-J. .. 

a givsts depth of coM outflow air compared with observed pressure ©hasges 

under the thunderstorm outflow, one is led to believe that la most oases 

itespresdisjg cold sis? is restricted to the lowest 2,000 -feet«, 

This leads äs to believe that although the spreading of the dowedraft , 

is an   averageJ&Uöd©rstcrm"i^ start as high^as^^OOO feet above the ter- 

r_ainsthe downdraft continues predoHdra^^3oi?xs?ard igntjl^_it- reaches> an  ~^-^ 

2§%Mt^e^&^^2i-0^?'^^^^3^M^^^i'^^ as ^e draft sjs?©ada out" 

on the s^flee"a#5a;3«yer -^?M@'!^r^a^s^^.00O^:fef4!^ei^~*''"" S-:^_-?x—-- 

The^^uestiottjnpw comes up regarding what happenir to = än^s^£jajs|J$B~
:^-i ,:__ 

eouster|gg one of these dowadrafts«,   From considerations based upon the sise 

of surface yais patterns, length of_a^asursd drafts at the 5,QOO<-fGoi level 

(Table 7), and the sis© of the strjjctural cells,,, „it is not-lively.that a. 

dowmrsxt •would exfeeöd sore than three miles end most downdraffcs would be 

less than tisro miles in diameter.    In a draft three miles in diameter with a 

speed of 20 fps. (almost twice that measured- on_Eiight 19) an airplane flyiag 

at ISO mph would ha displaced downward about 1,200 feet providing no ccs^eotivs 

action is taken by the pilot, in the 60 seconds it takes to traverse the draft. 

More than oss draft may be eneouatered beneath a storm, although studies öf 

eterm structure indicate that it is not likely that ts?o dowridrafts would be — 

-separated by less- than three Sues (Bef« 3)'; -; --------- -     ~ — ---_ 

E 

$Two of these eases were computed after the original report had been- 
completed„ Work along these lines is continuing.^ 
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,TäbI& 7-^.Frsgusncy. distribution of aowndraft.extent .äs computed 
. . -_    M.J4S4* - Dat* taken by-P-6lC aircraft faring at 5,000 

and 6,000. feet MSI- during both seasons of operations*. 

DR4FT .EXTENT 
(Thousands of feet) 

Based"upon these data, it would not be expected that-a modern   -— 

/.military ör commercial airplane flying 2,000 feet above the terrain would 

be carried into the ground«,*   The lack of data.prevents one from drawing 

more definite conclusions regarding the gone below 2,000 feet, although we 

do know that-a, P«61 i?as displaced from 950-"feet down to 520 feet in a 

thunderstarm dowödrafto ___.__-- 

On another'~öccaMö»^ä-pilot flying at the '5,000-foot 1ST, le.ve.l.:r.e-_::v 

ported' being carried through" the base of the cloua" by thedowEd-raft 

(Fig. 9) .    In this ins.taT^'^part.rof.:the-altitude-lost -resulted- -from a 

diving attitiTd.e_--of the airplane, -- ._.-.^^   —   ^z^_-^_^-_=r^    _-_. 

More important than-the total altitude lost in alTowndraft is^the^^— 

possibility that gn airplane .c^rieji^d:own.^^^!rl^^öR^rWould"not have 

a suffic'iehtly-hlglf raW of Climb to avoid; terrain;:obs£acles^itr "the.jpäta ^ 

_ä4»    4-1-,^,    „ •¥«**•* "3 -*«i— __  ~L~Z~-~    _ " _ 7 —- _    - — - —   - - ___ -— """ 

: i- 
'. i -   ! 

-i 

1 
E 

. 3 

*Jt is well to point out -the possibility that a pilot attempting to. 
prevent his plane from being carried downward say place the plane in suf- 
ficiently nose-high attitude that a gust may sause the plane to stall with 
issuff 3cient altitude_f_gj,.„s.tall.,r.ecover-y0.- (Ehe consequences- -of -f lying--sr 
light .airplane, or lighter»than-afr craft into, the area of heavy thuMer» 
storm rain with its- attendant downdr.aft is obvious. 
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Fig« 9—alggsgggr and ältltude^äanges: -that'^^ar öp äf Ij 
thr ougka thunders tora.: %üjjgT igrjäZgT^^- 

l^^^^^S^äS^S^^^^^^^^^ßM^^^^-'- 

-^m•'—: ;/^«"«^ &_ a;^!5* _5ftetlonBhlp^between the lat^g^ of" the" 

ftT^gj 

"rn,gf»,5n,r+fEff *ö»I  ö~i   *.—i •»  ... ,       , _ ««-uuienee reporiea Dy tue aircrews.    It was pointed out, 

however., that . report of rain from an airplane do» not noaeesari-^mean 

*ater falling to the ground, for it may be .ospented in,, at amending with, 

the grafts. • «Us -is -an Important fact from the ötaöäpoint of the^ossi- 

•£-* *«*?. **S «fe to„help defect the. more-turbulent areas*     - 

a.. i 
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H^ever, in presenting aatariai that *, 3» of uae to pilots Hying at or 

-.near the cloalbase Hfctor-ürttrÄJiMiäft^äiii^ÄS^rthi^ levels 

tors one cannot tell whether the water encountered is -ac&aal^^alliäg 

rain.   To correct thi* shortcoming the study reported in Weather Bureau 

Technical Paper No. 7 was repeated (Table $) viag ^is datä r^ ö^ ^ 

ABUSt-   Based upon 1947 data tt^SSS^uSSnlsff^ 

Frecipitatäoh    f 

«3 Jags! 

Turbulence Intssrw» •?•*•.«• 

MS 
Heavy - 
Moderate    '" 
Light 

•None "" 
ünclsssified 

10 
ö 
n v 
0 
4 

21 
10 
7 

23 

28 
31 
65 
17 
27 

U 
8 

17 
/\ 

1 

23 
29 
40 

0 -B 

Urseeas that there can be lit^dBu^ ^u^^at^poSg^^g^ 

°f heavy rain and light turbulence «e noM.^«,^^^:- T" 

regardless of altitude, areas of heavy turbulence and areas of heavy rain 

arc coincident,   So reduce the element of subjectivity inherent in these, 

reports, the mean maximum gust velocity for the period 10 seconds before 

and after eac^eport of sain intensity was. calculated. -The^ults *hc*  • 

thatAhe- «pan -Maximum- gust ^rc^^yrauring periods of heavy rain was    ^ ;""-" 

6o3 fps, and during light rain it ^as only 3^ fps? . . ,: 

'I 

-SB 

. 1- '-iß 



These facts support the .enthusiasm which many recent, papers oaro 

expressed in visaing the use. of. radar in avoiding areas öS iürtroienb^ la 

canveetiv.e clowäs»   Atlas(Ä6&* 2) aüä lÄhgilie., Gühh aöd PalE&r. -('Ref. 7)   - 

have laid the foundation for a quantitative rainfall intensity indication 

.frosi the radar.   Brass and Biac&Ley (Ret« 8) using tur'ouleace data taken 

on the-Thunderstorffi-F^cject^.-have, reported-that, the gust velocities imMe 

the radar echo are considerably higher than in the. area more than two mixes' 

beyopd the echo»    Although many organizations" such, as Air Weather Service 

arid All Weather Flying .Division of U. S. Air ForSeVand various airlines- ~ 

are investigating the use of ^adar as an aid inimeeting the" problem- of. 

turbulence, some of the most encouraging of-recent reports are.those of 

1-1 

American Adelines- -(Kef *Jk) 

postal*--1* am __ •      =_. " ~ ~ ~ \>- 

An analysis of the gust and draft data taken by the Thu> derstcrm 

effe-p-j.ect0in^s.tör-ms^öf^F;l<g4dä^.)md= löhio^-jfflacat es.- -the. &x$£&ä-i£g. 

-l-y^Jie^iLiBsl^^ 

if^y     b »bove^-the^g^o.m&JLn^ 

:- •-,.Seet;which-'M^^MI^.iii^^FW^-Jl^&J0^^^~'^^9 \~TT~:":r ;r 

1 —- 

w- 

2,   The data indicate that -there is •/& signifigajit. r^e^tlphi 

between gust velocity and gust- frequency»   There as also ä 

relationship between the speed' of drafts arid the^ speed of 

- the associated.„gusts s -.-•-" 

3*   The data indicate that the updrafts and. the associated tur- 

bulence, in a thunderstorm-cell. .^ä^-.insKpeas:e>."^ith -aeignt ;5p 

"    i^Ja XmM.^Qf :^bP»t fÖ^OÖfe*ÄgJ£^^f.'tfefÄmäxÄiÄ^irgK^r^ 

,-_.-' -" -rfachödrBy 'each particular storm cell.      _-_.- —_._ 
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fhe average t&onderstcrm ia Ohio contains greater turbulence, 

in the levels flown, by the project,, than the average 

thunderstorm in Florida, _. " 

f he altitude displacements caused by "thünäerstccRä drsif ts 

increase with height at least- to -a level 25,000 feet 

sbuve the storm base« 

Significant downdrafts exist bsBsath the eiossd base.   These 

are found in the areas of heavy raiiu    It is not.likely that 

a thunderstorm draft will force a modern military or commercial, 

ir^Iane., if properly flown, dangerously close to- level ^-eund-j 

however, the äöwndraft, even at low levels, may be dangerous _ 

-for a light airplane with its low. rate of climb arsd slow speed.. 

Areas of highest water concentration, are the areas bf heaviest 

turbulence.   This lends support to~the growing, list öf evidence 

thatjradär can be _ used i_o_ avöiä^areas of; excessiveLT^PÖI?öce_. , 

• f 

) 

Ä ^o'nvegtiye 'c'liöüdsi..- In flights:-belatucloijä ..ba§.<e&j3Se -^r     . 

heaviest turbuiehe© Will be "f oundlshere the ;dar-ice.st- r.aih= columns. 

:?a^e;j.sj3§n* 
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